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WLPH LH D VSHFLDO FXWWLQJ WRRO GHVLJQHG IRU RQH NLQG RI
PDFKLQLQJ IHDWXUH RI SDUWV 7KHUHIRUH IOH[LELOLW\ DQG
HIIHFWLYHQHVV DUH WKH NH\ SRLQWV IRU FXWWLQJ WRRO GHVLJQ




WHPSHUDWXUH DQG WKH PDWKHPDWLF PRGHOV DUH HVWDEOLVKHG WR
H[SODLQ DOO RI SKHQRPHQRQ >@ +HUH WKH ORZ DFFXUDF\ RI
WKHRU\PRGHOVLVWKHPDLQSUREOHP
([SHULPHQWDSSURDFKWKHGDWDRIH[SHULPHQWLVWKHPDLQ
PHWKRG WR REWDLQ WKH UHODWLRQVKLS EHWZHHQ FXWWLQJ WRRO DQG
PDFKLQLQJUHTXLUHPHQWVDQGWKHQWKHPRUHVXLWDEOHWRROFDQEH
VHOHFWHG>@2EYLRXVO\WKHGHVLJQFRVWLVYHU\KLJKDQGWKH
UHVXOWV DUH VHQVLWLYH WR WKH H[SHULPHQW VHWXSV HJ PDFKLQH
WRROVIL[WXUHV
([SHUWV\VWHPWKHFRPSXWHUWHFKQRORJLHVDUHDSSOLHGWR





WRRO GHVLJQ D PHWKRG QDPHG &XWWLQJ 7RRO ³6KDSH
3HUIRUPDQFH$SSOLFDWLRQ´ ,QWHJUDWHG 'HVLJQ &763$,' LV
SURSRVHGDQGWKHDUFKLWHFWXUHRIWKHPHWKRGLVDOVRSUHVHQWHG
>@%DVHGRQWKHDUFKLWHFWXUHDGHWDLOHGDOJRULWKPLVYHU\
QHFHVVDU\ WR LPSOHPHQW WKH PHWKRG VR WKH UHPLQGHU RI WKH
SDSHU LVRUJDQLVHGDV IROORZV)LUVW6HFWLRQ LQWURGXFHV WKH
%DFNJURXQGRI&763$,'7KHQD*$EDVHGPXOWLREMHFWLYH
RSWLPL]DWLRQPHWKRGZRXOGEHEXLOWIRU&763$,'LQ6HFWLRQ
 DQG 6HFWLRQ  VKRZV WKH GHWHUPLQDWLRQ DSSURDFK RI WKH
ERXQGDU\ RI WKH SDUDPHWHUV RI FXWWLQJ WRRO DQG FXWWLQJ
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2.1.  Relationship between S-P-A 
)LJVKRZVWKHUHODWLRQVKLSRIWRRO63$7KHUHDUHWKUHH
OHYHOV LQ WRROV¶ 63$ HJ PDQXIDFWXULQJ FRPSDQ\ WRRO
LQGXVWU\UHVHDUFKLQVWLWXWH:KHUHPDFKLQLQJTXDOLW\FRVWDQG
HIILFLHQF\ DUH WKH IRFXVHV RI PDQXIDFWXULQJ FRPSDQLHV DQG
WRRO FRPSDQLHV FRQFHUQ WKH FXWWLQJ WRRO DQG DSSOLFDWLRQ
FRQGLWLRQHJJHRPHWU\PDQXIDFWXULQJTXDOLW\PDWHULDODQG
PDWFKLQJ DQG FXWWLQJ SDUDPHWHUV FRQGLWLRQV DQG WRRO
SRVLWLRQV+RZHYHU WKH\ DUH DOZD\V LJQRUH VRPH DVSHFWV RI
SHUIRUPDQFH UHODWHG WR WKH IRUFH KHDU DQG GHIRUPDWLRQ HJ
FKLS FRQWURO G\QDPLF SURSHUW\ WRRO ZHDU WRRO EUHDNDJH
&XWWLQJ WRROGHVLJQ LV WR VROXWH WKH UHODWLRQVKLSEHWZHHQ WRRO
VKDSHSHUIRUPDQFHDQGDSSOLFDWLRQ+HUHWRROVKDSHLQFOXGHV
WRRO JHRPHWU\ PDWHULDO PDWFKLQJ EHWZHHQ PDWHULDO DQG












*HRPHWULF FRQVWUDLQW LW FDQ GHDO ZLWK WKH JHRPHWULF
LQWHUIHUHQFH UHODWLRQVKLSV EHWZHHQ FXWWLQJ WRROV FKLSV DQG
ZRUNSLHFHLQFXWWLQJSURFHVV







+LJK WHPSHUDWXUH PDWHULDO LW FDQ GHVFULEH WKH PDWHULDO
SURSHUW\LQWKHKLJKWHPSHUDWXUHJHQHUDWHGLQFXWWLQJSURFHVV
+LJK WHPSHUDWXUH WULERORJ\ LW FDQ GHVFULEH WKH WULERORJ\
EHWZHHQWZRVXUIDFHVZLWKKLJKWHPSHUDWXUHLQFXWWLQJSURFHVV
&KHPLFDO SURFHVV LW FDQ GHVFULEH FKHPLFDO UHDFWLRQV
EHWZHHQWRROZRUNSLHFHFXWWLQJIOXLGDQGDWPRVSKHUHLQKLJK
FXWWLQJWHPSHUDWXUH
&763$,' DSSURDFK LV WR FRPELQH WKH WRRO VKDSH
SUHIRUPDWLRQ DSSOLFDWLRQ E\ XVLQJ WKH WKHRULHV DERYH 7KH
GHWDLOVRIWKHUHODWLRQVKLSDUHVKRZQLQ)LJ
2.2. CTSPAID approach 
&763$,'DSSURDFKVKRXOGKDYHVRPHFKDUDFWHULVWLFV,W
LVGULYHQE\WKHUHTXLUHPHQWV7KHSDUWVLQ&763$,'LVEDVLF
XQLW  7KH FRQQHFWLRQ EHWZHHQ WZR SDUWV LV GLUHFW  7KH




3DUW $ UHFHLYHV PDFKLQLQJ LQIRUPDWLRQ 0, ILUVW HJ
PDFKLQLQJ ZRUNSLHFH PDWHULDO UHTXLUHPHQW JHRPHWU\ HWF




LH RSWLPL]DWLRQ RI WRRO GHVLJQ IHDWXUHV 7')V DQG RYHUDOO
RSWLPL]DWLRQRIWRRO,QWKHSDUWWKHUHLVDQLPSRUWDQWSURFHVV
LH DGDSWLYH GLVSDWFK LW ZLOO GHFLGH WKH VHTXHQFH RI
RSWLPL]DWLRQ ERWK 7')V DQG WRRO DFFRUGLQJ WR WKH
UHTXLUHPHQWV7ZRUXOHVKHUHDUH
,PSRUWDQFHSULQFLSOHLHPDLQJRDOVORFDWHWKHIURQW
 :HLJKW SULQFLSOH LH WKH ZHLJKW SDUDPHWHUV DUH
GLVSDWFKHGWRWKHVRPHOHYHOWKHRSWLPL]DWLRQJRDOV
$IWHUUHFHLYLQJWKHWRROLQIRUPDWLRQDQGUHTXLUHPHQWIURP
WKH RWKHU SDUWV 3DUW 6 LV EDVHG RQ WKH WRRO PDQXIDFWXULQJ
IHDWXUHV DQG H[SRUWV WKH WRRO GDWD ,Q WKH SURFHVV WKHUH DUH







:LWKLQ WKH &763$,' DSSURDFK PDQ\ REMHFWLYHV ZLOO EH
VHOHFWHG WR REWDLQ WKH VXLWDEOH FXWWLQJ WRROV DQG FXWWLQJ
FRQGLWLRQVHJFKLSFRQWUROFXWWLQJIRUFHZKHUHWKHDOJRULWKP
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3.1. Overview of the GA based method 
7KH*$PHWKRGKDVEHHQIRXQGWREHHIIHFWLYHLQVROYLQJ
ODUJHVL]H RSWLPL]DWLRQ SUREOHPV 2SWLPDO VROXWLRQ FDQ QRW
DOZD\VEHJXDUDQWHHGE\*$EXWFRPSXWDWLRQDOFRPSOH[LW\LV












3.2. Objective function 
2EMHFWLYH IXQFWLRQ VKRXOG EH LQFOXGLQJ WKH PDFKLQLQJ
UHTXLUHPHQWVHJFXWWLQJWRROOLIH&7)FXWWLQJTXDOLW\&4
DQG PDFKLQLQJ HIILFLHQF\ 0( DQG WKH\ DUH WKH ILUVWOHYHO
REMHFWLYHV$OORIWKHPDUHUHODWHGWRFXWWLQJWRROSHUIRUPDQFH




















ZKHUH ௜ܹᇱ L « DUH WKH ZHLJKW IDFWRUV RI XQLILHG
REMHFWLYHIXQFWLRQFLVWRROOLIHQLVFXWWLQJTXDOLW\DQGELV
PDFKLQLQJHIILFLHQF\
$FFRUGLQJ WR )LJ  ) 4 DQG ( DUH FORVHG WR WRRO
SHUIRUPDQFH 7DNLQJ ) DV DQ H[DPSOH WKH IXQFWLRQ ) LV
HVWDEOLVKHG
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$IWHU VLPLODU SURJUHVVˈWKH GLPHQVLRQOHVV RIߪ௖௪ܨ௖  DQG
ܨௌ௖௧ FDQ EH REWDLQHG WKH GLPHQVLRQOHVV UHVXOWV FDQ EH
UHSUHVHQWHGDVߪ௖௪ᇱ ܨ௖ᇱDQGܨௌ௖௧ᇱ 

3.2.2 Weight factor  
7KHFDOFXODWLRQRIZHLJKWIDFWRUVSOD\VDQLPSRUWDQWUROHIRU
DFFXUDF\RIFXWWLQJWRROGHVLJQ,WFDQGLUHFWO\PDNHDELJJHVW
LQIOXHQFH RQ ILQDO REMHFWLYH IXQFWLRQ ZKHUH WKH SDLUHG
FRPSOLFDWHGPHWKRGRIZHLJKWIDFWRUZLOOEHXVHGDVVKRZQE\
(T
 i i iZ Z Z   ;ϰͿ
ZKHUH߱௜ଵLVWKHSULPDU\SDUWRIZHLJKWIDFWRUXVHGWRH[SUHVV





















































































 i i' K iZ Z   ;ϴͿ
ZKHUH߱௜ĄLVWKHQHHGHGZHLJKWIDFWRU
3.3. Encoding gene sequences 
7KH LQWHUYDO RI WKH SDUDPHWHUV VKRXOG EH GHWHUPLQHG
DFFRUGLQJWRWKHPDFKLQLQJUHTXLUHPHQWVDQGFXWWLQJWRRODQG
FRQGLWLRQV 6HFWLRQ  %DVHG RQ WKH LQWHUYDO SDUDPHWHU
VHTXHQFHVFDQEHJHQHUDWHG

















































































3.3.2 Combination of gene sequences 
$OORI WKH LGHDO VHTXHQFHV DUH WKHEDVLFJHQH IUDJPHQWRI
*$DQGWKHQDKLJKLWHUDWLRQLVFDUULHGRXWDVDUHVXOWRIDOO




,Q RUGHU WR REWDLQ WKH LGHDO LQWHUYDO RI FXWWLQJ WRRO DQG
FXWWLQJSDUDPHWHUV IRU*$FRQVWUDLQV DOO RI UDQJHRI IDFWRUV
VKRXOG EH GHWHUPLQHG ZLWK UHVSHFW WR WKHLU FORVH
REMHFWLYHREMHFWLYHV
4.1. Factor with a single objective 




WKH REMHFWLYH H[WUHPXP FDQ EH REWDLQ LQ WKH UDQJH ,Q RWKHU
ZRUGVWKHSDUDPHWHUVFDQEHHDVLO\GHWHUPLQHGFRPELQLQJZLWK
WKHUHTXLUHPHQWV
07)DUH WKH IDFWRUVZLWKZKLFK LQFUHDVLQJGHFUHDVLQJ WKH
REMHFWLYHLVDVEHWWHUDVSRVVLEOH)RULQVWDQFHFXWWLQJWRROOLIH
LVUDLVLQJZLWKFXWWLQJWRROVWUHQJWK





WKH FRPELQDWLRQ RI WKHP $FFRUGLQJ WR WKH FKDUDFWHUV WKH\
VKRXOG EH GLYLGHG LQWR WZR FDWHJRULHV FRQVLVWHQW W\SH DQG
FRQIOLFWLQJ W\SH +HUH FRQVLVWHQW W\SH PHQWLRQV WKH WDUJHW
SDUDPHWHUV KDYH WKH RYHUODS LQWHUYDO ZKLOH FRQIOLFWLQJ W\SH
PHDQVWKDWWKHUHDUHQRVKDUHGDUHDIRUWKHSDUDPHWHUV
,W LV HDV\ WR PDNH GHFLVLRQV RI WKH WDUJHW IDFWRUV IRU











WKH WZR RU PRUH REMHFWLYHV 7KHUH DUH WRWDOO\ WZR FDVHV
LQWHUVHFWLQJW\SHDQGGLVMRLQW\SHDVVKRZQLQ)LJ

































































LQ WKH ORJLF OD\HU 63$PRGXOH FDQ JLYH WKH LQIRUPDWLRQ RI














FXWWLQJ WRRO GHVLJQ IRU KLJK HIILFLHQW PDFKLQLQJ 7KLV SDSHU
SUHVHQWD*$PXOWLREMHFWLYHRSWLPL]DWLRQDSSURDFKLQRUGHUWR
REWDLQ WKH RSWLPDO RU QHDURSWLPDO FXWWLQJ WRRO DQG FXWWLQJ
FRQGLWLRQV :LWKLQ WKH PHWKRG WKH REMHFWLYH IXQFWLRQ LV
HVWDEOLVKHG YLD WKH GLPHQVLRQOHVV SURFHVV DQG ZHLJKW IDFWRU
GHFLVLRQ7KHQHQFRGLQJJHQHVHTXHQFHLVFDUULHGRXWEDVHGRQ
WKHLGHDOLQWHUYDORIDOORIWKHSDUDPHWHUVLQFOXGLQJFXWWLQJWRROV
DQG FRQGLWLRQV+HUH WKH WDUJHWHG SDUDPHWHUV LV GLYLGHG LQWR
GLIIHUHQW FDWHJRULHV ZLWK UHVSHFW WR WKH UHODWLRQVKLS ZLWK
REMHFWLYHREMHFWLYHV
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